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Executive Summary

The Review Panel could not recommend a single model as the basis for advice for the Gulf of
Maine cod stock. The Stock Assessment Workshop (SAW) Working Group proposed several
alternatives that greatly differed in terms of reference points and stock status. Two assessment
“packages” were also used for this stock, but these packages gave essentially the same results
when they were configured using similar assumptions. The Review Panel was able to narrow the
range to essentially two scenarios involving different assumptions about natural mortality. Both
assessment scenarios (i.e. models) indicated that the Gulf of Maine cod stock is overfished and
overfishing is occurring. This is consistent with the status evaluation based on the previously
used assessment model and associated reference points. Spawning stock biomass (SSB) in 2011
is estimated to be 18% or 13% of the SSBmsy proxy, depending on the model. The 2011 fully
selected fishing mortality (F) is estimated to be 0.86 or 0.90 which is about 4 or 5 times the Fmsy
proxy (0.18 for both models).

A single assessment model was recommended for the Georges Bank cod stock. However,
diagnostics for this model indicated serious model mis-specification and the Review Panel
agreed with the SAW Working Group proposal to adjust for this mis-specification (i.e. a
retrospective correction). This procedure indicated that the Georges Bank cod stock is overfished
and overfishing is occurring. SSB in 2011 is estimated to be 7% of the SSBmsy. The 2011 fully
selected F is estimated to be 0.43 which is 2.4 times the Fmsy proxy (0.18).

Background

The 55th Stock Assessment Review Committee (SARC) convened at the Northeast Fisheries
Science Center (NEFSC), Woods Hole, MA, from December 3-7, 2012. The purpose of the
meeting was to provide an external peer review of the stock assessments for Georges Bank and
Gulf of Maine cod (Gadus morhua). In U.S. waters, cod are assessed and managed as two
stocks: Gulf of Maine, and Georges Bank and southward. Both stocks support important
commercial and recreational fisheries. The last peer reviewed benchmark assessment of Gulf of
Maine cod was in 2010 as part of SARC 53. The last peer reviewed assessment update of
Georges Bank cod took place in 2012.

The SARC 55 review panel was composed of three independently appointed Center for
Independent Experts (CIE) reviewers (Dr. N. Cadigan, Canada; Dr. J. Casey, UK; Dr. S. Holmes,
UK), and an independent chair from the Science and Statistical Committee (SSC; Dr. P. Sullivan,
USA) of the New England Fishery Management Council. The SARC was supported and assisted
by Dr. Jim Weinberg (NEFSC SAW Chairman), Dr. Paul Rago (Branch Chief of the NEFSC’s
Population Dynamics Branch) and NEFSC staff. The assessment documents for the Gulf of



Maine and Georges Bank cod assessments were prepared by Stock Assessment Workshop
Working Group (hereafter referred to as the Working Group), chaired by Dr. Robert O’Boyle
(New England Fisheries Management Council’s Scientific and Statistical Committee). The
Georges Bank assessment was presented by Dr. Loretta O’Brien (NEFSC). The Gulf of Maine
assessment was presented by Dr. Michael Palmer (NEFSC) and Dr. Doug Butterworth (Univ. of
Cape Town). The support of all of these scientists and staff to the SARC process is gratefully
acknowledged.

The CIE reviewers were tasked with conducting an impartial and independent peer review in
accordance with the Statement of Work (SoW) and Review Workshop (RW) Terms of Reference
(ToRs; Appendix 2). The agenda of the panel review meeting is attached in Annex 3 of
Appendix 2. The CIE reviewers were independent, with working knowledge and recent
experience in the application of modern fishery stock assessment models. Expertise included
statistical catch-at-age, state-space and index methods. Reviewers also had experience in
evaluating measures of model fit, identification, uncertainty, and forecasting. Reviewers had
experience in development of Biological Reference Points that included an appreciation for the
varying quality and quantity of data available to support estimation of Biological Reference
Points. SARC 55 addressed fishery stock assessments of Georges Bank cod and Gulf of Maine
cod, therefore familiarity with forward projecting models and estimation used for North Atlantic
stocks including cod stocks off North America and Europe was desirable.

Role of reviewer

About two weeks before the meeting, assessment documents and supporting materials were
made available to the Panel via an ftp server. These are listed in Appendix 1. On the morning of
the meeting, the Panel met with Drs. Weinberg and Rago to discuss the meeting agenda,
reporting requirements, and meeting logistics.

I reviewed the backgrounds documents I was provided. I attended SARCS55 held in Woods Hole,
MA from December 3-7, 2012. I reviewed presentations and reports and participated in the
discussion of these documents, in accordance with the SoW and ToRs (see Appendix 2). This
report is structured according to my interpretation of the required format and content described in
Annex 1 of Appendix 2. After the meeting, I participated in email discussions dealing with the
review panel report and CIE reports.

Summary of findings

The CIE Statement of Work for SAW/SARCSS required that in my CIE report I “should
elaborate on any points raised in the SARC Summary Report that they feel might require further



clarification”. Also, my report “shall be a stand-alone document for others to understand the
proceedings and findings of the meeting, regardless of whether or not others read the SARC
Summary Report”. However, the SARC summary report was not finalized in time for the
submission deadline for this report. Hence, I could not report on additional points of view or
provide clarifications to the Review Panel consensus opinions on each term of reference (ToR).
The best I could do is present my independent views for each ToR, but I could not indicate if
these views are divergent with the Review Panel. In what follows some text may simply repeat
text [ wrote for the summary report.

A. Gulf of Maine cod stock

ToR 1: Estimate catch from all sources including landings and discards. Characterize the
uncertainty in these sources of data and take into account the recommendations and
subsequent work from the March 2012 MRIP workshop. Evaluate available information on
discard mortality and, if appropriate, update mortality rates applied to discard components of
the catch.

All elements of this ToR were thoroughly addressed.
There was no indication that important sources of catches were not accounted for.

I found that the documentation of results and procedures to estimate catch and their uncertainty
was exceptional and very helpful.

Timeframe is an important consideration for this ToR. Modern catch monitoring began in 1964.
Total species landings are derived from weighout reports of commercial seafood dealers and
these data are generally considered a census of total landings. While un-reported landings are
possible, no estimates exist to evaluate their magnitude. No indication was given to the panel
that important sources of catches were not accounted for. Landings statistics for area 5 (Gulf of
Maine and part of Georges Bank stocks) exist back to 1893. The methods used to apportion
landings to individual stock complexes are not well documented and these early stock landings
are considered less certain. Prior to 1994, port agents partitioned total cod landings to stocks
through a port-interview process (< 40% of landings) or other local knowledge. Starting in 1994
the area of catch and effort information was inferred directly from vessel-reported VTRs. While
there is still a potential to mis-report the area where catch was taken, since 2006 the magnitude
of this error was estimated to be < 2%; however, prior to 1994 I assumed there is a greater
potential error of mis-allocation of landings between the Gulf of Maine and Georges Bank
stocks.

Biological sampling (length and age) of Gulf of Maine cod prior to 1982 was poor. Sampling
intensity has generally increased over time and has exceeded the unofficial NAFO/ICNAF



standard of less than 200 mt per 100 lengths since 1996. Age sampling intensity followed a
similar trend. There is sufficient information to estimate the age and composition of catches from
1982 onward, and the uncertainty in these estimates (1984-2011) was derived by a bootstrap
procedure and was included in the stock assessment models.

Since 1999 commercial discards (due to restrictive trip limits during 1999-2004) and
recreational landings and discards have accounted for a much larger portion (25%-50%) of
Gulf of Maine catches. Recreational landings peaked in 1987, but prior to 1999 they constituted
only approximately 13% of the overall catch. Direct sampling of the commercial fishery for
discards has been conducted by fisheries observers since 1989. Biological sampling during this
period was considered to be good. The main reason for discarding was small size and this
information was used when estimating the age composition of discards. Discards were
hindcasted prior to 1989.

The recreational fishery has accounted for 20%-30% of the catch during 1990-2011. In this
assessment, the Marine Recreational Fisheries Statistical Survey (MRFSS) data were re-
estimated using revised methodologies consistent with the new Marine Recreational Information
Program (MRIP) which has replace the MRFSS program. The MRFSS data collection program
began in 1979, though estimates of recreationally caught cod are not available until 1981. The
numbers-based estimates of recreational landings were converted to numbers-at-age using ALKs
borrowed from the NEFSC survey which include age information collected from the inshore
strata where the majority of recreational fishing occurs. Beginning in 2005 direct sampling of
cod discards from party boats began in the Gulf of Maine. The length and age-distribution of
discards was hindcasted prior to 2005. Recreational discard mortality was taken to be 30% and,
although the discard mortality rate is highly uncertain, it is not considered to be a large
assessment uncertainty because of the relatively small contribution of discards to total catch.

The revised MRIP recreational catch estimates were approximately 25% lower than the MRFSS
estimates pre-2003. Potential sources of this systematic difference should be discussed. A ratio
method was used to adjust MRFSS estimates pre-2003 to MRIP equivalents. It does not seem
that this uncertainty was accounted for.

I conclude that all elements of this ToR were thoroughly addressed. However, it is clear that the
quality of catch information has improved with time. This uncertainty has been adequately
characterized.

ToR 2: Present the survey data and calibration information being used in the assessment (e.g.,
indices of abundance, recruitment, state surveys, age-length data, etc.). Consider model-based
(e.g. GLM) as well as design-based analyses of the survey data in developing trends in relative
abundance. Investigate the utility of commercial or recreational LPUE as a measure of
relative abundance. Characterize the uncertainty and any bias in these sources of data.



All aspects of this ToR were addressed.
I was generally satisfied with the way the survey and LPUE data were presented.

However, spatial plots of survey catches by year, similar to Figure A.104 in the GoM cod
assessment document but for the two stock areas combined (NEFSC Spring and Fall Surveys),
would be helpful to see trans-boundary distributions and what effects that may have on the
interpretation of stock structure, survey coverage of the stock, and the appropriate specification
of stock strata to be included. Stock management boundaries on these plots should be clearly
identified. Something like this was given in the Georges Bank cod presentation, but was not
provided in the report.

Uncertainty in calibrations to standardize survey time series for changes in vessels and fishing
gear (i.e. doors) was not accounted for in the stock size indices. This may be a substantial source
of uncertainty. The confidence intervals for p (ratio of q’s) in Figure A.94 of the assessment WP
(#1) were not narrow enough to ignore completely. Even for the relatively well sampled lengths,
the range (i.e. p € 1-2.5) could have substantial impact on the assessment. There are a couple of
ways I can think of to account for this uncertainty. This may be a useful area for future research,
although hopefully the time-series will soon be long enough that direct calibration and
adjustment of indices will not be required.

The GLM modeling of survey data was briefly discussed. The modeling was superficial with
little motivation. I suggest a GLM approach could be used to combine NEFSC and
Massachusetts Department of Marine Fisheries (MADMF) survey indices into two more
complete indices for the Spring and Fall. The NEFSC surveys have better coverage in offshore
strata, and the MADMEF surveys had better coverage in inshore strata. Combining surveys would
result in better coverage of the whole stock and hopefully better stock size indices. There will be
a difference in catchabilities for the two surveys and this could be estimated using a stratum-
effects GLM if there are strata in which both surveys sampled in some years.

A GLM model could also be used to address anomalous survey catches — although there are no
standard methods for this.

Consideration was given to using LPUE as a measure of relative abundance. There have been
changes in the spatial distribution of fishing effort that complicates the interpretation of LPUE in
terms of the stock as a whole. This could be accounted for using an appropriate stratified
modeling approach. However, a number of regulatory changes were identified (e.g. seasonal
closures, trip limits, etc.) which also affect LPUE as an index of stock size. It may also be
possible to standardize for some of these regulatory changes but I am not sure the “gain” will be
worth the effort.



ToR 3: Summarize the findings of recent workshops on stock structure of cod of the
Northeastern US and Atlantic Canada.

The summarization of the workshop findings was thorough and addressed this ToR. This is a
work in progress, and I have no additional views.

ToR 4: Investigate the evidence for natural mortality rates which are time- and/or age-specific.
If appropriate, integrate these into the stock assessment (TOR 5).

This ToR was addressed. The results of considerable investigation were presented to the Review
Panel. I generally agreed with the interpretations of results provided by the Working Group
(WG). Unfortunately, the information was equivocal.

Various estimates of natural mortality based on life history characteristics were considered. The
WG concluded that the evidence available with respect to Gulf of Maine cod life history
parameters suggested that an assumption of M=0.2 is reasonable. My sense is that the life history
approaches provide only a crude approximation of M, and these approaches may be better at
defining the range of possible values. Experience with other Northwest Atlantic cod stocks
suggests that M can vary over short time scales (several years), and the life-history approaches
do not seem directly useful for detecting such changes in M.

Tagging estimates of M were also considered. The WG identified several concerns with these
data. They focused on the implications of assumptions about the high-reward tag return rate on
estimates of M. Another problem is short-term tagging mortality. This is a problem in other cod
tagging studies when water temperatures are too warm or there is too much thermal stratification
(Brattey and Cadigan, 2003). Depth of capture is also an issue. Hence, the WG did not find the
high estimates of M based on tagging to be conclusive, and they recommended that this evidence
only provided motivation to investigate a change in M in the assessment model.

The WG considered predator field information for cod and concluded it did not provide evidence
for a change in M. The WG did not provide any analysis on changes in preferred
environment/habitat for cod and potential implications on M. I wondered if the Gulf of Maine is
becoming too warm for cod? Changes in temperature have been implicated, perhaps via changes
in prey distribution and abundance, in changes in M for northern cod. The WG also provided
little information on changes in cod diet and potential implications on M; however, the WG did
provide annual estimates of cod condition which did not suggest strong changes over time.

Assumptions about M can have substantial implications for the assessment and management of
the stock. Telemetry tagging may provide a more direct way to measure natural mortality,
particularly if there are local cod populations with high site fidelity. An acoustic array could be
constructed around an over-wintering or feeding aggregation in which some fish are tagged with



acoustic tags. The proportion of fish over time that do not return to the “site” can indicate total
mortality rates, and if really high rewards are offered for captured tags then it may be possible to
partition total mortality into F and M. Those tags retuned by fishermen indicate F, and the rest
indicate M. If the fish do not have high site fidelity then the problem is more complex, because
fish may simply move to an area without an acoustic array and therefore be undetected but not
dead. Pop-up satellite tags are another option for large cod (> 90cm) and this approach is
currently being used on the Grand Bank off Newfoundland. However, this would only give
information on mortality rates for the large cod that are tagged.

Brattey, J. and Cadigan, N.G. 2003. Estimation of Short-term Tagging Mortality among Adult
Atlantic Cod (Gadus morhua). Fish. Res. 66: 223-233.

ToR 5: Estimate annual fishing mortality, recruitment and stock biomass (both total and
spawning stock) for the time series, and estimate their uncertainty. Consider feasibility of
survey catchability estimates, the starting year for the assessment, estimation of the stock
recruitment curve, inclusion of multiple fleets, and whether to use domed or flat selectivity-at—
age for the NEFSC surveys. Provide a summary of steps in the model building process.
Include a historical retrospective analysis to allow a comparison with previous assessment
results. Review the performance of historical projections with respect to stock size, catch
recruitment and fishing mortality.

Estimate annual fishing mortality, recruitment and stock biomass (both total and spawning
stock) for the time series, and estimate their uncertainty.

This aspect of the ToR was addressed.

The previous assessment of Gulf of Maine cod was conducted using the statistical catch-at-age
model (ASAP) that incorporated commercial and recreational landings and discards. The updated
assessment included updates to the recreational catch estimates, revised discard mortality
estimates and minor modifications to the Massachusetts Department of Marine Fisheries
(MADMF) spring survey. Discard mortality was assumed to vary by gear type and fishery
(commercial, recreational). This represents a change from the previous assessment that assumed
100% mortality of all discarded fish. The revised discard estimates range from 20-80%
depending on gear type and fishery. The revision to the recreational discard mortality assumption
had the largest impact on the assessment with respect to the data changes made since the
previous assessment. The recreational catch estimation was changed from the previous
assessment from the MRFSS to the MRIP.

The Review Panel could not recommend a single model as the basis for advice for the Gulf of
Maine cod stock. The SAW Working Group proposed several alternatives that greatly differed in
terms of reference points and stock status. The differences were largely dependent on (1)



whether MSY reference points were derived directly using a parametric stock-recruit model
applied to stock-recruit estimates derived from assessment models that incorporated historical
data prior to 1982, (2) whether proxy methods were used, and (3) whether an M=0.2 or M=0.4
assumption was used to derive reference points. Two assessment “packages” (ASAP and SCAA)
were also used for this stock but these packages gave essentially the same results when they were
configured using the same the same assumptions.

The Review Panel was able to narrow the range to essentially two scenarios involving different
assumptions about natural mortality (M). In one model, M was assumed to be 0.2 for all years.
The other model was implemented with M=0.2 from 1982 to 1988, and M=0.4 between 2003
and 2011, with a linear ramp between 1989 and 2002 (denoted Mramp). These values of M are
applied to all ages.

Swept-area estimates of abundance from the NEFSC spring and autumn surveys (1982-2011),
and the Massachusetts Department of Marine Fisheries (MADMF) spring survey (1982-2011)
were used in both ASAP models along with associated estimates of uncertainty and annual age
composition. Three fishery selectivity blocks were used instead of the two used in the previous
model. Both models assumed flat-topped selectivity for both the catch and NEFSC survey
indices whereas the previous model only assumed flat-topped selectivity for the NEFSC surveys.
All catch sources were combined into a single fleet.

Feasibility of survey catchability
This aspect of the ToR was addressed.

The MADMEF spring survey swept-area q for fully selected ages was approximately 0.25 which
makes some sense because this survey only covers part of the stock distribution. The NEFSC
spring survey q was close to one whereas in the fall the q is close to 0.6 (Fig. A.177 in WG
report). I could not find in the WG report rationale for the differences in q for the spring and fall
surveys. It was suggested from the floor during the review workshop that there is seasonal
movement of Gulf of Maine cod from the inshore in the spring to the offshore, although the
timing of this was not described. Perhaps the fall survey q is lower because cod have moved
outside of the survey area?. However, if this explanation is correct then it raises further issues
about the stock composition of commercial catches. Also, this suggests that there may be reasons
to expect a dome in the fall survey age-pattern in q. This requires further investigation.

Higher catchability of younger ages in the fall survey compared to the spring survey made sense
because of increasing recruitment to the survey gear due to growth between the spring and fall.

Starting year for the assessment and estimation of the stock recruitment curve

This aspect of the ToR was addressed.



The start year of the assessment is particularly an issue when deriving MSY reference points
directly using a stock-recruit relationship. I appreciated the desire to extend the assessment time-
series as long as possible. It seemed that, although earlier data were more uncertain, this was
adequately accounted for in the extended assessment models (ASAP and SCAA). A
complication with longer time-series is that the various aspects of stock productivity relevant for
MSY calculations (i.e. stock-recruit relationship, spawner and yield per recruit relationship) may
not be constant. This was a problem for the stock-recruit relationship. There appeared to be
evidence of a Ricker-type relationship which has fairly large implications on MSY reference
points. However, the low recruitments at high SSB’s mostly all occurred during a period in the
1960’s. It may be that this was a period of low recruitment productivity for some other reason
than high SSB. The stock-recruit data were noisy and, in conjunction with time-trends in
residuals, I felt that there were a wide range of plausible stock-recruit relationships that may be
changing over time because of changes in the ecosystem. It has been suggested in some of the
background material that portions of the population complex of cod are suffering reduced
reproductive productivity due to thermally induced changes in zooplankton abundance. Hence, in
the end I felt that the WG made the right decision in not directly using a stock-recruit
relationship to derive Fmsy. The WG used an %FSPR proxy.

Inclusion of multiple fleets
This aspect of the ToR was addressed.

This was not given much consideration at the review workshop. However, the assessment model
used three time-blocks to model fishery selectivity, and these blocks were chosen in part to be
consistent with changes in the fishery and regulations. Some other assessment models are using
‘smoother’ approaches (e.g. random walks) to deal with changes in selectivity and this may be
more useful but will require additional research.

Domed or flat selectivity-at—age for the NEFSC surveys
This aspect of the ToR was addressed.

There was no strong external evidence for domed-shaped survey selectivities, and little
difference in fit for the assessment model with domed or flat-topped selectivity. Hence the WG
recommended the assumption of flat-topped survey selectivity. This seemed reasonable to me,
although after the review meeting [ was still left with some uncertainty about this because of my
concerns about potential movement of older fish outside the fall survey area (see survey
catchability section above).

I conducted a diagnostic analysis using a survey assessment model (SURBA; described below)
to get a better understanding of possible causes for the retrospective pattern for this stock. It is
noteworthy that the SURBA estimated a domed mortality selectivity pattern when this was freely
estimated.
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Provide a summary of steps in the model building process
This aspect of the ToR was addressed. This was done very well.

Include a historical retrospective analysis to allow a comparison with previous assessment
results. Review the performance of historical projections with respect to stock size, catch
recruitment and fishing mortality.

This aspect of the ToR was addressed.

Historical retrospective analyses were provided, including projections with respect to stock size
and fishing mortality. Retrospective performance on catch projections was not provided, and it is
not clear to me how this should be done.

The WG also provided many model-retrospective analyses, focusing on effects on SSB, F,
recruitment and survey q. There was a tendency to underestimate F and overestimate SSB,
although in the very last retrospective run the reverse occurred — SSB was underestimated and F
overestimated. The WG could not agree to criteria to adjust for the retrospective pattern observed
in the ASAP base model. The WG agreed that there should be no adjustment for the observed
retrospective pattern in the base ASAP model because (1) the retrospective pattern is small, (2) it
is of an opposite direction to previous patterns, (3) it may be transient, and (4) because of the
precedent set in SAW 53 which applied no retrospective adjustment.

Retrospective patterns often indicate that there is a time-trend in residuals, although it is possible
to have a retrospective pattern when there is no time-trend. The log-residual time-series plots in
Figure A.164 (NEFSC Spring), Figure A.168 (NEFSC Fall), and Figure A.172 (MADMF
spring) all had somewhat similar patterns: usually negative early in the time series, followed by a
period of positive residuals, but the three survey series all have negative residuals in 2010-2011.
The ASAP SAW55 3BLOCK BASE model tended to over-estimate survey indices early in the
assessment time-series and then under-estimate survey indices in the 2000’s, except 2010-2011.
This is curious, and to get such consistent patterns in residuals there must be some other
information in the commercial catches and survey age-compositions that conflicts with the age-
aggregated survey indices.

It can be informative to look at the potential conflict between survey indices and catch
information using a survey-only stock assessment model. I used the SURBA (e.g. Needle, 2008;
Cadigan, 2010) approach (R code donated by C Needle) with a few modifications to predict the
age-composition of the catch and trends in total catch for those ages in the assessment model.
Note that this model is only presented for diagnostic purposes. SURBA is based on the
separable mortality model developed by Cook (1997). SURBA is a simple cohort model in
which annual age-specific total mortality rates are decomposed into age and year effects. These
mortality rates can be cumulated along a cohort and applied to estimates of recruitment to
provide age-based estimates of stock size. Most surveys only provide relative measures of stock
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size, and consequently SURBA can only provide relative estimates of stock size. However,
SURBA can provide absolute estimates of total mortality rates. SURBA is probably a better
approach to estimate survey Z’s than more simple catch-curve methods, although SURBA is
only a somewhat sophisticated catch-curve model.

To predict trends in catches based only on surveys, [ modified the SURBA model as

N = Na—l,y—l eXp(—M - Fa—],y—l)' (1)

a,y

where

log(Fay) = Sa + y? (2)

and M = 0.2 for all ages and years. Once F’s were estimated I used the Baranov catch equations
to estimate catch. Surveys are used to estimate model parameters. Let /,, denote the survey index
for age a fish in year y. Let ¢ be the midpoint of the survey dates, which I express in a fraction of
the year. I used the usual observation equation to estimate parameters,

E{l,(®)}=4q,N, exp(-tZ,,). (3)

For convenience I only used the spring and fall NEFSC indices. I assumed that the indices had a
lognormal distribution and I use the maximum likelihood method to estimate parameters. All
indices were equally weighted. The g, ‘s are confounded with the s, ‘s in SURBA and the usual

approach around this problem is to fix the g, ‘s. I used the values from the ASAP

SAWS5 3BLOCK BASE model (Table A.84 in WG report). I assumed the fully selected q for
the spring survey was 1 (which defines the scale of the SURBA stock size estimates) and the
fully selected q for the fall survey was 0.63.

I used ages 1-9 indices from 1970-2012, but with no plus group. The SURBA code I used did not
include a plus group option. ASAP SAW55 3BLOCK BASE started in 1982 because of issues
with the catch data prior to 1982; however, I presumed that there were no issues with the
comparability of survey data prior and post 1982. In a preliminary run of this model the
estimated s, ‘s has a substantially domed pattern. To avoid complications this can cause I decided

to also fix the s, ‘s at the values produced by the ASAP SAWS5 3BLOCK BASE model (Table
A.80) for Block 2.

Parameter estimates are shown in Figure 1, although the selectivity values were inputted and not
estimated. Other stock size estimates are shown in Figure 2. Survey indices were in mean
number per tow; therefore, the biomass estimates are in kg/tow but adjusted for survey
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catchability. SURBA residuals (Figures 3-6) look reasonable which indicates that the model has
reasonably captured the stock size information in the surveys.

The stock total mortality signal is decomposed into an assumed natural mortality component
(M=0.2) and F = Z — M. If M=0.2, and if survey and fishery selectivity have been correctly
specified by the values I used from the ASAP SAWS55 3BLOCK BASE model, then the implied
trend in catches at ages 1-8 is somewhat different than the WG estimates of catches (Figure 7),
with considerable variability since 2000 and prior to 1990. The “SURBA-implied” catch trend is
not as steep as the reported trend. There are several explanations for these discrepancies. For
example, catches or M prior to 1990 could be too high, or catches or M after 2000 could be too
low. Some of the inter-annual variability in “SURBA-implied” catch trends may be related to
year effects or other sampling variability in the survey indices. This variability is not accounted
for in the SURBA model.

The SURBA-implied age-compositions of catches at ages 1-8 were usually fairly consistent with
the assessment estimates. However, periods where fishery selectivity or survey catchability have
changed are apparent: 1982-1986/7 may have higher selectivity for ages 1-2; 2005-2011 may
have lower selectivity for ages 1-3. These periods correspond well with the selectivity blocks in
the SAWS5 3BLOCK BASE model.

My conclusion from this analysis is that the F signal from the NEFSC surveys (assuming M=0.2
and the ASAP SAWS55 3BLOCK BASE model values for survey and fishery selectivity are
correct) is substantially different from the reported catches. The surveys are noisy but over all
they suggest the catches implied by F=Z-M have not declined as much as reported. The Mramp
option for M improves the situation (Figure 9).

Interestingly SURBA has a retrospective pattern in SSB at the beginning of the model (Figure
10). I am not sure why this is. I have not found retrospective patterns with SURBA applications
to 2 other cod socks.
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fixed and not estimated.
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with zero estimation weights.
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the top panel indicate age. The red line in the third panel indicates the average residual for
each age.
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Figure 5. Matrix plot of residuals. Red +’s are positive and black x’s are negative. The sizes
of plotting are proportional to the absolute value of the residuals. Blanks indicate values
with zero estimation weights.
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the top panel indicate age. The red line in the third panel indicates the average residual for
each age.
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Figure 7. SURBA estimates of trends in catch numbers at ages 1-8 compared to assessment
values (i.e. reported). Based on F = Z — M with M=0.2 for all ages and year. Each series is
standardized to have a mean of one.
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Figure 8. SURBA estimates of the age composition of catches at ages 1-8, versus assessment
values (i.e. sampled).
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Figure 9. SURBA estimates of trends in catch numbers at ages 1-8 compared to assessment
values (i.e. reported). Based on F = Z — M with Mramp option for M. Each series is
standardized to have a mean of one

22



o
2
o |
| N
o | TR
S 2
| >
2 X
<o oo
-— (/)‘_
wn
—] v —
o
. ] o —
© N T T T T T T
1970 1990 2010
S o |
n
[q\]
@ a—
= Be -
L. _.g
omn - >
S o 3 v
o I
S 2
0
o — o —
I T I T I T I
1970 1990 2010 1970 1990 2010

Year

Figure 10. SURBA retrospective (2002-2012) estimates of stock size and fishing mortality.
Average F was for ages 6-9.

Cadigan, N. 2010. Trends in Northwest Atlantic Fisheries Organization (NAFO) Subdivision
3Ps Cod (Gadus morhua) stock size based on a separable total mortality model and the Fisheries

and Oceans Canada Research Vessel survey index. DFO Can. Sci. Advis. Sec. Res. Doc.
2010/015. iv + 43 p.

Cook, R.M. 1997. Stock trends in six North Sea stocks as revealed by an analysis of research
vessel surveys. ICES J. Mar. Sci. 54: 924-933.

Needle, C.L. 2008. Survey-based fish stock assessment with SURBA. Fisheries Research
Services Marine Laboratory. Aberdeen, Scotland.
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ToR 6: State the existing stock status definitions for “overfished” and “overfishing”. Then
update or redefine biological reference points (BRPs; point estimates or proxies for BMSY,
BTHRESHOLD, FMSY, and MSY) and provide estimates of their uncertainty. Consider
alternative parametric models of the stock recruitment relationship. If analytic model-based
estimates are unavailable, consider recommending alternative measurable proxies for BRPs.
Comment on the appropriateness of existing BRPs and any “new” (i.e., updated, redefined, or
alternative) BRPs.

This ToR was addressed.

Both assessment scenarios (i.e. models) indicated that the Gulf of Maine cod stock is overfished
(Bcurrent < 0.5Bmsy) and overfishing is occurring (Fcurrent > Fmsy).

The biological reference points estimated in the last assessment (NEFSC 2012) using a constant
M=0.2 were FMSY=F40%=0.20, SSBMSY=61,218 mt, and MSY=10,392 mt.

An MSY could not be derived directly from the two recommended assessments. The Review
Panel recommended that proxy methods be used for MSY reference points based on M=0.2

I acknowledge that reference points are sensitive to the value of M used in their calculations.
There were no compelling reasons to deviate from the usual assumption of M=0.2 for long-term
projections to derive MSY reference points.

F40% is the proxy used for the overfishing threshold (Fmsy). This is consistent with the choice
of proxy in the previous assessment and the SAW 55 working group’s recommendation. A
deterministic value of F40% was calculated from a spawner per recruit analysis using 2007-2011
average SSB weights, catch weights, selectivity and maturity. Expressed as a fully selected
fishing mortality, F40% is 0.18.

Stochastic projections at F40% were used to determine new recommended biomass-related
reference points (proxies for both SSBMSY and MSY). The projection method involved
recruitment sampled from a cumulative density function derived from ASAP estimated age-1
recruitment between 1982 and 2009. No retrospective adjustment was applied in the projections.
Projected recruitment was adjusted when SSB fell below the lowest observed SSB estimate (6.3
kmt or 7.9 kmt) based on a linear function that declined to zero when SSB=0. This depended on
the assessment model formulation. This projection method was recommended in SARCS3.

The SSBMSY proxies were 54,473 mt or 80,200 mt in the M=0.2 or Mramp models,
respectively.

For reasons I indicated under ToRS, I conclude that the WG made the right decision in not
directly using a parametric stock-recruit relationship to derive Fmsy. However, the choice of the
proxy seemed subjective and it is difficult for me to evaluate the appropriateness of this choice.
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One could use the stochastic projection method to directly derive an Fmsy, but I suspect it will
be similar to Fmax. However, this should be given additional consideration in the future.

There were three problems in deriving MSY reference points: (1) the stock-recruit data did not
clearly indicate the level of SSB in which density-dependent processes reduced recruitment rates,
(2) there were also some temporal dependencies in recruitment rates indicating other factors are
at play in addition to stock size, and (3) there was uncertainty in the value of M to use when
computing reference points. These are common problems. For the first problem, I think another
reasonable approach is to simply constrain Rmax at the historic maximum observed value. A
stock-recruit model that indicates otherwise will usually be highly speculative. This is a data-
based solution, whereas the choice of Fx% proxy is not completely data-based (i.e. the x% is
somewhat subjective). However, one may still find substantial sensitivity to the assumed form of
the Rmax-constrained stock-recruit model. There are nonparametric alternatives that could be
considered (i.e. Cadigan, 2013) although the message there is that there is substantial uncertainty
about values for MSY reference points due to uncertainty in the stock-recruit relationship.
Problem (2) can be addressed through stochastic simulations including temporal dependencies in
recruitment rates. Problem (3) can be addressed in the same way, but our knowledge about M is
more limited and I think the appropriate values of M relevant for MSY reference point
calculations will remain speculative for some time.

Related to problems 2) and 3), provide retrospective analysis of proposed reference points. For
example, retrospective F proxy’s should be provided, based on retrospective average weights,
maturities, and fishery selectivity. Stochastic projection Bmsy’s could be provided based on
retrospective F proxy’s, retrospective stock-recruitment relationships, and retrospective averages
for biological parameters (or whatever procedure is used). If there is substantial retrospective
variation then this will need to be further investigated. My understanding is that MSY reference
points should be based on conditions that are thought to prevail in the future. It may not be
reasonable to assume recent short-term (i.e. 5 year) averages will prevail for the time frame
relevant for MSY calculations (i.e. many years). However, if there is little retrospective variation
in reference points then this may not be an important issue. This is my purpose for this
recommendation.

Cadigan, N.G. 2013. Fitting a nonparametric stock-recruitment model in R that is useful for
deriving MSY reference points and accounting for model uncertainty. ICES J. Mar. Sci. 70: 56—
67

ToR 7: Evaluate stock status with respect to the existing model (from the most recent accepted
peer reviewed assessment) and with respect to a new model developed for this peer review. In
both cases, evaluate whether the stock is rebuilt.
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a. When working with the existing model, update it with new data and evaluate stock status
(overfished and overfishing) with respect to the existing BRP estimates.

b. Then use the newly proposed model and evaluate stock status with respect to “new” BRPs
(from Cod TOR-6).

This was addressed.

Both SARCS55 recommended assessment scenarios (i.e. models: M=0.2 and Mramp) indicated
that the Gulf of Maine cod stock is overfished and overfishing is occurring. This is consistent
with the status evaluation based on the previously used SARCS53 assessment model and
associated reference points. Spawning stock biomass (SSB) in 2011 is estimated to be 18% or
13% of the SSBmsy proxy, depending on the model. The 2011 fully selected fishing mortality
(F) is estimated to be 0.86 or 0.90 which is about 4 or 5 times the Fmsy proxy (0.18 for both
models).

It is odd that this ToR does not ask for uncertainty to be accounted for. We can never be
absolutely certain of stock status. While there is uncertainty in the best stock assessment model
formulation and in the best values for reference points, I am confident in the statement: There is
a high (i.e. > 0.5) probability that the stock is overfished and overfishing is occurring. This is my
independent point of view and I recognize that there are different approaches to measure the
probability of stock status.

ToR 8: Develop and apply analytical approaches to conduct single and multi-year stock
projections to compute the pdf (probability density function) of the OFL (overfishing level)
and candidate ABCs (Acceptable Biological Catch; see Appendix to the SAW TOR:s).

a. Provide numerical annual projections (3-5 years). Each projection should estimate and
report annual probabilities of exceeding threshold BRPs for F, and probabilities of
falling below threshold BRPs for biomass. Use a sensitivity analysis approach in
which a range of assumptions about the most important uncertainties in the
assessment are considered (e.g., terminal year abundance, variability in recruitment).

b. Comment on which projections seem most realistic. Consider the major uncertainties
in the assessment as well as sensitivity of the projections to various assumptions.

¢. Describe this stock’s vulnerability (see “Appendix to the SAW TORs”) to becoming
overfished, and how this could affect the choice of ABC.

This ToR was addressed.
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For ToR8a, short-term projections were provided using the same stochastic projection method
used for the reference point calculations (i.e. same biological parameters, MCMC for survivors
in 2011, and resampling of recruitment from an empirical CDF based on historic values, with a
ramp to zero for SSB’s below the minimum in the assessment time-series). This procedure
accounts for uncertainties in terminal year abundance and variability in recruitment. However,
only projection medians were provided. Annual probabilities of exceeding threshold BRPs for F,
and probabilities of falling below threshold BRPs for biomass, were not provided although
presumably these results exist. A sensitivity analysis to assumptions about M (i.e. M=0.2 or M
ramp from 0.2 to 0.4) was provided, and for the Mramp scenario the projections were provided
assuming that M remained at 0.4 or that M returns to 0.2 in the projection period.

The review panel concluded for ToR8b that the M=0.2 projections and the Mramp projections
with M remaining at 0.4 in the short-term were equally plausible. Little evidence was presented
to the panel to favor one scenario over the other. The WG could not decide which option was
more plausible and neither could the review panel. The panel concluded that if M is currently 0.4
then it seemed more reasonable that in the short-term M would remain at 0.4 rather than reduce
to 0.2. Note that for long-term projections that panel decided that M should be 0.2, because the
longer-term historical evidence seems to indicate that M=0.2 is more plausible.

The review panel appreciated the description of the stock’s vulnerability to becoming overfished
(ToR8c). We emphasize that since the mid-2000s the fishery has become particularly
concentrated in a small region of the western Gulf. The most recent survey indices are at or near
the lowest values in their time series and there are concerns the industry will not be able catch
their full quota. All of this points to a stock at a low level and with a concentrated distribution
that is vulnerable to overfishing.

Potential future variability in maturities, catch and stock weights should be considered in
medium to long-term projections.

ToR 9: Review, evaluate and report on the status of the SARC and Working Group research
recommendations listed in recent SARC reviewed assessments and review panel reports.
Identify new research recommendations.

This ToR was addressed.

The review panel appreciated both the amount of progress and the reporting of progress on
previous research recommendations. A single recommendation was carried forward from GARM
III, which was addressed in the WG report. Of the nine research recommendations brought
forward from SARC 53, six were either partially or fully addressed.
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The GARM III research recommendation involved using historical data to hindcast recruitments
as far back in time as possible for use in the estimation of reference points and projections. This
was addressed in both the SCAA and ASAP models. However, the panel notes that there are
additional complications due to temporal non-stationarity that can occur when using long time-
series of stock-recruitment estimates or estimates of other components of stock productivity.
Many factors in addition to parental stock size can influence how much recruitment is produced,
and these factors can change over time, which introduces non-stationarity. This is an additional
complication that should be accounted for when estimating reference points and projections.

Natural mortality has important implications on stock assessment and management advice. A
SARCS53 research recommendation involved evaluating the level, schedule and variability of
natural mortality.

Additional research recommendations:

1. Provide analysis on changes in the location and quality of preferred environment and
habitats for cod and potential implications on M (adult and juvenile) and spawning
potential.

2. Telemetry tagging may provide a more direct way to measure natural mortality,
particularly if there are local cod populations with high site fidelity.

3. Consider other assessment models that include ‘smoother’ approaches (e.g. random walks
like in ICES-SSAM) to deal with changes in fishery selectivity and natural mortality.

4. Uncertainty in calibrations to standardize survey time series for changes in vessels and
fishing gear (i.e. doors) was not accounted for in the stock size indices. This may be a
useful area for future research, although hopefully the time-series will soon be long
enough that direct calibration will not be required.

5. A GLM approach could be used to combine NEFSC and MADMEF survey indices into
two more complete indices for the Spring and Fall. The NEFSC surveys have better
coverage in offshore strata, and the MADMEF surveys had better coverage in inshore
strata. Combining surveys would result in better coverage of the whole stock and
hopefully better stock size indices.

6. As part of the model building exercise, consider summarizing the information about
mortality rates and trends in stock size using a survey-only assessment model such as
SURBA. This could replace catch-curve estimation of Z’s. It can also be used to explore
conflict (or lack thereof) between surveys and catches, as illustrated in this report.

7. When stock-recruit data are uncertain but the time-series is long, consider constraining
Rmax to be some reasonable value (e.g. maximum of historic assessment values) and
derive MSY reference points using the constrained stock-recruit curve. There are
nonparametric approaches that could be used to address sensitivity of MSY reference
points to simple parametric assumptions about stock-recruitment relationships.

8. Provide retrospective analysis of proposed reference points
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B. Georges Bank cod stock

ToR 1: Estimate catch from all sources including landings and discards. Characterize the
uncertainty in these sources of data and take into account the recommendations and
subsequent work from the March 2012 MRIP workshop. Evaluate available information on
discard mortality and, if appropriate, update mortality rates applied to discard components of
the catch.

This ToR was addressed.
There was no indication that important sources of catches were not accounted for.

I found that the documentation of results and procedures to estimate catch and their uncertainty
were very helpful. I found no reason to disagree with the conclusions of the Working Group, and
these are highlighted below, and include some justification.

Prior to 1994, information on the catch quantity was derived from reports of landings
transactions submitted voluntarily by processors and dealers. More detailed data on fishing effort
and location were obtained for a subset of trips from personal interviews of fishing captains
conducted by port agents. This information was used to augment the total catch information
obtained from dealers. Starting in 1994 the area of catch and effort information was inferred
directly from vessel-reported VTRs. The uncertainty in allocation of landings to Georges Bank
and Gulf of Maine cod stock areas is considered by the WG to be little to no consequence.

Atlantic cod discarded on Georges Bank by the USA commercial fisheries were estimated from
1989-2011 observer data and 2010-2011 at- sea monitoring data. Estimates of discards in the
large mesh otter trawl fishery during 1978-1988 were hindcasted using a survey filter method.
‘Delphi’ determined mortality rates were to be applied to the final estimates of USA discards.
Discards in Canadian fisheries have been estimated using various methods. Discards have
represented about 5% of the USA commercial 9% of the Canadian catch on average.

USA recreational landings and discards were estimated using MRFSS data from 1981-2003 and
MRIP data from 2003-2011. Recreational catch accounts for 1%-10% of the total catch since
1981.

In the USA fishery, sampling intensity by market category has improved since 1978 and has
been relatively high since 2003. Sampling intensity in the Canadian fishery has also been good
since 2003. There is sufficient information to estimate the age and length composition of catches
from 1978 onward, and the uncertainty in estimates for 2003-2011 was derived by a bootstrap
procedure and was included in the stock assessment models.
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The age and size composition of cod discarded in the USA commercial fishery were estimated
for 1989-2011 using combined survey and commercial age-length keys and observer length
frequency data. The age and size composition of discards for 1978-1988 were estimated using
hindcasted discards at length for large mesh otter trawls and autumn research survey proportions
at age. Discards from the Canadian groundfish fishery were assumed to have the same size and
age composition as the fishery landings. The size composition of discards from the Canadian
scallop fishery was estimated using observer length frequency and age data. The commercial
discards are generally dominated by age 2 and age 3 fish during the time series.

The number of length samples taken in the recreational fishery was insufficient to estimate the
landings at age. A combined commercial and survey age-length key and research survey length
frequencies and length-weight were used to estimate recreational landings and discards at age for
1981-2011. Landings and discard length frequencies were differentiated by applying a length
cutoff to the survey length frequency. The recreational catch estimates are dominated by ages 4-5
in the landings component and ages 2-3 in the discard component in recent years

The review panel concluded that all elements of this TOR were thoroughly addressed. However,
it is clear that the quality of catch information has improved with time. Uncertainty in age-
compositions has been partially characterized, only for USA commercial landings during 2003-
2011.

Thus, the Panel concludes that this term of reference was addressed adequately for the purpose of
assessment.

Figures like B2a in the WG report are useful. In addition, it would be useful when assessing how
important are the recreational and discard estimates to the assessment if figures like B2a could be
provided in numbers and by age. Mortality is based on numbers that die and not their weight.

ToR 2: Present the survey data and calibration information being used in the assessment (e.g.,
indices of abundance, recruitment, state surveys, age-length data, etc.). Consider model-based
(e.g. GLM) as well as design-based analyses of the survey data in developing trends in relative
abundance. Investigate the utility of commercial or recreational LPUE as a measure of
relative abundance. Characterize the uncertainty and any bias in these sources of data.

This ToR was addressed.
I was generally satisfied with the way the survey and LPUE data were presented.

However, similar to the recommendation for Gulf of Maine cod, spatial plots of survey catches
by year would be helpful to see trans-boundary distributions and what effects that may have on
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the interpretation of stock structure, survey coverage of the stock, and the appropriate
specification of stock strata to be included.

Similar to the Gulf of Maine cod assessment, uncertainty in calibrations to standardize survey
time series for changes in vessels and fishing gear (i.e. doors) was not accounted for in the stock
size indices. This may be a substantial source of uncertainty. The confidence intervals for p (ratio
of q’s) in Table B13 of the assessment WP were not narrow enough to ignore completely. For
example, for lengths > 55c¢m the range p € 1-2.5 could have substantial impact on the
assessment. There are a couple of ways I can think of to account for this uncertainty. This may
be a useful area for future research, although hopefully the time-series will soon be long enough
that direct calibration will not be required.

The GLM modeling of survey data was briefly discussed. The modeling was superficial with
little motivation.

Consideration was given to using LPUE as a measure of relative abundance. There have been
changes in the spatial distribution of fishing effort that complicates the interpretation of LPUE in
terms of the stock as a whole. This could be accounted for using an appropriate stratified
modeling approach. However, other regulatory changes were identified which also affect LPUE
as an index of stock size. Canadian fishery contributes about an average 25% to the overall
landings and they are not accounted for in the LPUE. It may be possible to standardize for some
of these regulatory changes and include Canadian LPUE data but I am not sure the “gain” will be
worth the effort.

ToR 3: Summarize the findings of recent workshops on stock structure of cod of the
Northeastern US and Atlantic Canada.

This ToR was addressed.

The summarization of the workshop findings was thorough and met the Terms of Reference.
This is a work in progress, and I have no additional views.

ToR 4: Investigate the evidence for natural mortality rates which are time- and/or age-specific.
If appropriate, integrate these into the stock assessment (TOR 5).

This ToR was addressed.

The results of considerable investigation were presented to the Review Panel. I generally agreed
with the interpretations of results provided by the Working Group. Unfortunately the information
was equivocal.
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Various estimates of natural mortality based on life history characteristics were considered. The
WG concluded that the evidence available with respect to Gulf of Maine cod life history
parameters suggested that an assumption of M=0.2 is reasonable. My sense is that the life history
approaches provide only a crude approximation of M, and these approaches may be better at
defining the range of possible values. Experience with other Northwest Atlantic cod stocks
suggests that M can vary over short time scales (several years), and the life-history approaches
do not seem directly useful for detecting such changes in M.

Similar to Gulf of Maine cod, tagging estimates of M were also considered. The WG identified
several concerns with these data. They focused on the implications of assumptions about the
high-reward tag return rate on estimates of M. Another problem is short-term tagging mortality.
This is a problem in other cod tagging studies when water temperatures are too warm or there is
too much thermal stratification (Brattey and Cadigan, 2003). Depth of capture is also an issue.
Hence, the WG did not finding the high estimates of M based on tagging to be conclusive, and
recommended that this evidence provided motivation to investigate a change in M in the
assessment model.

The WG considered predator field information for cod and concluded it did not provide evidence
for a change in M. The WG did not provide any analysis on changes in preferred
environment/habitat for cod and potential implications on M. I wondered if Georges Bank is
becoming too warm for cod? Changes in temperature have been implicated, perhaps via changes
in prey distribution and abundance, in changes in M for northern cod. The WG also provided
little information on changes in cod diet and potential implications on M; however, the WG did
provide annual estimates of cod condition — and there has been a decrease in condition in the
spring but not the autumn. This was considered to be a conflicting result. I am not sure what 1s
going on here, but one interpretation is that the cod in poor condition in the spring do not survive
till the fall.

Brattey, J. and Cadigan, N.G. 2003. Estimation of Short-term Tagging Mortality among Adult
Atlantic Cod (Gadus morhua). Fish. Res. 66: 223-233.

ToR 5: Estimate annual fishing mortality, recruitment and stock biomass (both total and
spawning stock) for the time series, and estimate their uncertainty. Consider feasibility of
survey catchability estimates, the starting year for the assessment, estimation of the stock
recruitment curve, inclusion of multiple fleets, and whether to use domed or flat selectivity-at—
age for the NEFSC surveys. Provide a summary of steps in the model building process.
Include a historical retrospective analysis to allow a comparison with previous assessment
results. Review the performance of historical projections with respect to stock size, catch
recruitment and fishing mortality.
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Estimate annual fishing mortality, recruitment and stock biomass (both total and spawning
stock) for the time series, and estimate their uncertainty.

This aspect of the ToR was addressed.

The previous assessment of Georges Bank cod was conducted using virtual population analysis
(VPA). This assessment used ASAP which can more fully account for the uncertainties in the
catch and surveys. The ASAP model incorporates the total catch of USA and CDN commercial
and recreational landings and discards. The model uses two fishery selectivity blocks assuming
flat-topped selectivity. Discard mortality was assumed to vary by gear type, but only for USA
fisheries. This represents a change from previous assessments that assumed 100% mortality of
discarded fish.

Swept-area estimates of abundance from the NEFSC spring and autumn surveys (1978-2011),
and the Department of Fisheries and Oceans (DFO) survey (1986-2011) were used in the ASAP
model along with associated estimates of uncertainty and annual age composition. The model
assumed flat-topped selectivity for survey indices.

The Working Group proposed three model scenarios for the Review Panel to consider, and other
sensitivity runs were described. The BASE model assumed M=0.2 for all ages and years. In the
Mramp model M=0.2 prior to 1990 but increased from 0.2 to 0.4 between 1990-2003 and
remained at 0.4 since then. A catch multiplier (Cmult) scenario incorporated a three-fold increase
in catch during the 1995-2011.

The Cmult scenario resulted in stock size estimates that were quite different than the BASE
M=0.2 and Mramp scenarios. The WG did not present residual diagnostics for the catch
multiplier model; however, I suspect there may be evidence of model-misspecification because
the stock trends seem so different. The WG did note (pg 46 WG report) that this model was 29
log-likelihood points higher than the base formulation. This seems substantial. I did not
considered the catch multiplier scenario to be as feasible as M=0.2 and Mramp scenarios.

The Mramp model did not fit the data better; it was 2 log-likelihood points higher than the base
formulation. It did provide a better fit to age-aggregated survey indices but provided a poorer fit
to the survey age-compositions. While the Mramp model reduced the SSB rho to 0.053 (base
SSB rho = 0.681) and the F rho to 0.088 (base F rho = 0.458), it introduced a retrospective
pattern during 1994-2002. I do not consider that the specific Mramp scenario proposed by the
WG was an appropriate correction for the model-misspecification evident in the M=0.2 base
model.

Of the three ASAP model formulations provided, I concluded that the BASE M=0.2 model with
retrospective correction was the best option for short-term catch advice.

Feasibility of survey catchability
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This aspect of the ToR was partially addressed.

Swept-area q’s for fully selected ages were not provided in the WG report but I did find them in
results presented at the meeting (e.g. BASE.RESULTS.PLOTS.pdf). The fall survey q was a
little less than 50% of the spring q, for the both the ASAP base and Mramp models. This is the
same pattern as for Gulf of Maine cod, and rationale for this should be provided.

Higher catchability of younger ages in the fall survey compared to the spring made sense
because of increasing recruitment to the survey gear due to growth between the spring and fall.
However, the differences were much larger than in the Gulf of Maine ASAP models. Age 3 fish
are fully recruited to the Georges Bank fall survey while for the Gulf of Maine, fish are not fully
recruited until age 6. Mechanisms for this should be considered. I conclude that some of the
patterns in survey catchability estimates are not intuitive.

Starting year for the assessment and estimation of the stock recruitment curve
This aspect of the ToR was addressed.
The start year of the assessment was 1978. No other alternatives were explored.

The WG concluded that the relationship between stock and recruitment during 1978-2011 did
not provide support for use of either a Ricker or Beverton-Holt (BH) function. The stock-
recruitment data were not shown in the WG report but I found them in files provided at the
meeting (RAMPM.RESULTS.PLOTS.pdf; BASE.RESULTS.PLOTS.pdf). I agree that with both
of these models there is no evidence of a Ricker stock-recruitment relationship. However, for the
Mramp model I suggest there is evidence of a BH function. In many assessments it would be
considered appropriate to fit a BH function to these data and derive MSY reference points this
way. However, the Mramp model was not ultimately used for advice. There are ways to fit stock-
recruit curves to these data and I illustrate this under ToR6 below.

Inclusion of multiple fleets
This aspect of the ToR was addressed.

This was not given much consideration at the review workshop. However, the assessment model
explored various time-blocks to model fishery selectivity, and these blocks were chosen in part
to be consistent with changes in the fishery and regulations. Other assessments are using
‘smoother’ approaches (e.g. random walks) to deal with changes in selectivity and this may be
more useful but will require additional research.

Domed or flat selectivity-at—age for the NEFSC surveys

This aspect of the ToR was addressed.
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The review panel was not provided with convincing evidence for domed-shaped survey
selectivity. There was little difference in fit between assessment models with domed or flat-
topped selectivity. When selectivity was freely estimated the curves were considered by the WG
to be “essentially flat-topped”. Hence the WG recommended the assumption of flat-topped
survey selectivity. This seemed reasonable to me.

Provide a summary of steps in the model building process
This aspect of the ToR was addressed very well.

Include a historical retrospective analysis to allow a comparison with previous assessment
results. Review the performance of historical projections with respect to stock size, catch
recruitment and fishing mortality.

This aspect of the ToR was partially addressed.

Historical retrospective analyses were not provided. It is not clear to me how retrospective
performance on catch projections should be done.

The WG provided many within-model retrospective analyses, focusing on effects on SSB, F,
recruitment and survey q. The BASE ASAP (M=0.2) model had a strong tendency to
underestimate F and overestimate SSB. The WG agreed to address the retrospective bias in the
BASE ASAP by adjusting the terminal year results by applying the 7-year rho factor. I felt this
was a reasonable approach for short-term projections but probably does not adequately account
for uncertainty due to model-misspecification in longer-term projections.

Retrospective patterns often indicate that there is a time-trend in residuals, although it is possible
to have a retrospective pattern when there is no obvious time-trend in residuals. The log-residual
time-series plots in Figure B39 (DFO), Figure B42 (NEFSC Fall), and Figure B48 (NEFSC
spring, Yankee #36) all had somewhat similar patterns: usually negative early in the time series,
followed by a period of positive residuals, but tending to have negative residuals in 2010-2011.
The ASAP BASE model tended to over-estimate survey indices early in the assessment time-
series and then under-estimate survey indices in the 2000’s, except 2010-2011. This is curious,
and to get such consistent patterns in residuals there must be some other information in the
commercial catches and survey age-compositions that conflicts with the age-aggregated survey
indices. It is even more curious that the Gulf of Maine stock has the same basic residual pattern.
This suggests that migration is not the cause of these residual patterns.

ToR 6: State the existing stock status definitions for “overfished” and “overfishing”. Then
update or redefine biological reference points (BRPs; point estimates or proxies for BMSY,
BTHRESHOLD, FMSY , and MSY) and provide estimates of their uncertainty. Consider
alternative parametric models of the stock recruitment relationship. If analytic model-based
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estimates are unavailable, consider recommending alternative measurable proxies for BRPs.
Comment on the appropriateness of existing BRPs and any “new” (i.e., updated, redefined, or
alternative) BRPs.

Stock status

This ToR was addressed.

The Georges Bank cod stock is overfished (Bcurrent < 0.5Bmsy) and overfishing is occurring
(Fcurrent > Fmsy).

The biological reference points estimated in the last assessment (Groundfish Update, 2012) were
Fumsy=F10%,=0.23, SSBumsy=140,424 mt, and MSY=28,774 mt.

The WG concluded that the “relationship between stock and recruitment does not support the use
of a parametric model” and the same proxy for Fmsy used in the last assessment (i.e. F40%) was
proposed for this assessment. I agree with this choice. A deterministic value of F4oo, was
estimated from a spawner per recruit analysis using 2007-2011 average SSB weights, catch
weights, maturity and selectivity at age. Expressed as a fully recruited fishing mortality (ages
5+), Fag, 15 0.18.

I acknowledge that reference points are sensitive to the value of M used in their calculations.
There were no compelling reasons to deviate from the usual assumption of M=0.2 for long-term
projections to derive MSY reference points.

Stochastic projections at F4o9, were used to determine biomass reference points (proxies for both
SSBumsy and MSY). The projection method involved recruitment sampled from a 2-stage
cumulative density function (CDF) of 1978-2011 ASAP estimated age-1 abundance associated
with a SSB breakpoint of 41,500 mt. Recruitment is sampled from the low recruitment CDF
when SSB is < 41,500 mt or from the high recruitment CDF when SSB > 41,500 mt. Age
specific retrospective pattern adjustments to the abundance at age were be used to start the
projections. This projection method was recommended in GARMIII and reviewed by the SAW
55 WG.

The proxy for SSBusy is estimated at 186,535 mt, the median of the stochastic projections. The
proxy for MSY is 30,622 mt.

The choice of the F proxy seemed subjective and it is difficult for me to evaluate the
appropriateness of this choice. I tried to fit a BH model to the stock-recruit data in Table B23 in
an effort to directly derive Fmsy. The estimation did not converge because Rmax is not defined
for these data. Hence, I conclude that the WG made the right decision in not directly using a
parametric stock-recruit relationship to derive Fmsy.
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Another reasonable approach is to simply constrain Rmax to be less than the historic maximum
observed value in 1986. This is a data-based solution, whereas the choice of Fx% proxy is not
completely data-based (i.e. the x% is somewhat subjective). I tried the constrained-approach for
illustration purposes only and, using the biological data in Table B24, the resulting estimate of
Fmsy is 0.14 with a 95% confidence interval (0.13, 0.16) and Bmsy is 340.2 Kt, (139.5, 344.7).
Confidence intervals are based on bootstrapping the stock-recruit fits. The BH Fmsy is less than
F40% = 0.18 and the BH Bmsy is greater than the stochastic projection Bmsy proxy of 186.5 Kt.
These differences will not change conclusions from this assessment.

The constrained BH model did not appear to capture well the stock-recruit pattern when SSB
was greater than 50 Kt (Figures 10 and 11). Most residuals were positive in this case. I fit the
nonparametric model (NP) described in Cadigan (2013). It resulted in a slightly improved
residual pattern. Note that although the fits are similar within the range of estimates SSB’s
(Figure 10) there are differences when extrapolating recruitment at large stock sizes (Figure 12).
Unfortunately, such extrapolations are often required when directly deriving MSY reference
points. The corresponding equilibrium yield curves are different (Figure 13) although the Fmsy’s
are less different, with NP Fmsy = 0.16 (0.13, 0.23). The NP Bmsy is 350.2 which is similar to
the BH Bmsy of 340.2 Kt but greater than the WG Bmsy proxy of 186.5 Kt. The NP Bmsy has a
wide confidence interval (90.9, 961.8). Bmsy is poorly defined. The NP Fmsy is close to F40% =
0.18, and well within the NP confidence interval.

An aside: The residual pattern in Figure 11 is similar to the basic pattern for 8 of 9 case studies in
Cadigan (2013). I am not sure if this is important but it is baffling to me why these different
stocks have similar residual patterns.
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Figure 10. Fits to the BASE M=0.2 stock-recruit data based on a Beverton-Holt (BH) model and a
nonparametric model (NP GCV). The bottom panel shows corresponding recruits per spawner.
Dashed lines are 95% bootstrapped confidence intervals from the NP GCV model.
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Figure 11. Loess smooths of the residuals from the Beverton-Holt (BH) and nonparametric (NP
GCV) stock-recruit models.
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Figure 12. Stock-recruit predictions based on a Beverton-Holt (BH) model and a nonparametric
model (NP GCV). The bottom panel shows corresponding recruits per spawner. Dashed lines are
95% bootstrapped confidence intervals from the NP GCV model.
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Figure 13. Equilibrium yield curves based on Beverton-Holt (BH) and nonparametric (NP GCV)
stock-recruit models.

The stochastic projection proxy using F40% for MSY is 30,622 mt, with 10th and 90th
percentiles spanning 25,450 — 36,302 mt. Historically, since the 1890’s (Figure B2a in WG
report), when catches have exceeded this MSY level they have been subsequently followed by
periods of declining catches. Catches have increased for several years only following periods
where catches were less than MSY. This historic data corroborated the MSY value for me.

This also suggests that a simple production model fitted with this longer catch time series and
age-aggregated survey indices may provide some useful and corroborating information on the
appropriateness of Fmsy and Bmsy for this stock. I suspect a production model with process
errors will be required.

Cadigan, N.G. 2013. Fitting a nonparametric stock-recruitment model in R that is useful for
deriving MSY reference points and accounting for model uncertainty. ICES J. Mar. Sci. 70: 56—
67.

ToR 7: Evaluate stock status with respect to the existing model (from the most recent accepted
peer reviewed assessment) and with respect to a new model developed for this peer review. In
both cases, evaluate whether the stock is rebuilt.

a. When working with the existing model, update it with new data and evaluate stock status
(overfished and overfishing) with respect to the existing BRP estimates.

b. Then use the newly proposed model and evaluate stock status with respect to “new” BRPs
(from Cod TOR-6).

This ToR was addressed.
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The Georges Bank cod stock is overfished and overfishing is occurring. SSB in 2011 is estimated
to be 7% of the SSBmsy. The 2011 fully selected F is estimated to be 0.43 which is 2.4 times the
Fmsy proxy (0.18). This is consistent with the status evaluation based on the previously used
(Groundfish Update, 2012) assessment model and associated reference points.

It is odd that this ToR does not ask for uncertainty to be accounted for. We can never be
absolutely certain of stock status. Nonetheless, | am confident in the statement: There is a high
(i.e. > 0.5) probability that the stock is overfished and overfishing is occurring. This is my
independent point of view and I recognize that there are different approaches to measure the
probability of stock status.

ToR 8: Develop and apply analytical approaches to conduct single and multi-year stock
projections to compute the pdf (probability density function) of the OFL (overfishing level)
and candidate ABCs (Acceptable Biological Catch; see Appendix to the SAW TOR:s).

a. Provide numerical annual projections (3-5 years). Each projection should estimate and
report annual probabilities of exceeding threshold BRPs for F, and probabilities of
falling below threshold BRPs for biomass. Use a sensitivity analysis approach in
which a range of assumptions about the most important uncertainties in the
assessment are considered (e.g., terminal year abundance, variability in recruitment).

b. Comment on which projections seem most realistic. Consider the major uncertainties
in the assessment as well as sensitivity of the projections to various assumptions.

c. Describe this stock’s vulnerability (see “Appendix to the SAW TORs”) to becoming
overfished, and how this could affect the choice of ABC.

This ToR was addressed.

For ToR8a, short-term projections were provided using the same stochastic projection method
used for the reference point calculations. This procedure accounts for uncertainties in terminal
year abundance and variability in recruitment. However, only projection medians were provided.
Annual probabilities of exceeding threshold BRPs for F, and probabilities of falling below
threshold BRPs for biomass, were not provided although presumably these results exist.

The review panel appreciated the description of the stock’s vulnerability to becoming overfished
(ToR8c). There has been poor recruitment in the last two decades and M may have increased
recently.
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ToR 9: Review, evaluate and report on the status of the SARC and Working Group research
recommendations listed in recent SARC reviewed assessments and review panel reports.
Identify new research recommendations.

This ToR was addressed.

The review panel appreciated both the amount of progress and the reporting of progress on
previous research recommendations.

The GARM III Panel recommended that historical data be used to hindcast recruitment estimates
as far back in time as possible for use in the estimation of reference points and projections. The
WG response was that was not productive due to issues in the catch information. I sort of agree
for recruitment estimation; however, the historical catch information may provide some
information on reference points (See recommendation c) below). It is possible to construct a
model that can use just the historical catch data prior to age sampling (i.e. like SCAA), and this
data may provide information on carrying capacity. For example, if you know historical catches
were much larger than those in the assessment time-frame then this says something about
carrying capacity.

Most of the Review Panel Gulf of Maine (GoM) research recommendations (RR) also apply to
the Georges Bank stock. However, telemetry tagging in offshore areas (GoM RR #2) may be
more problematic. GoM RR #5 does not apply.

In addition:

a) This stock had a retrospective pattern which was corrected for in short-term projections.
Future assessments should consider accounting for residual patterns and retrospective
patterns using process errors. A rationale for this is that process errors can be projected
into the future to potentially better account for the model/process uncertainty (indicated
by residual and retrospective patterns) in projections and MSY reference points. The
current approach of retrospective correcting the starting population size for projections
does not seem sufficient particularly in long-term projections for rebuilding analyses and
reference point calculations.

b) Figures like B2a in the WG report are useful. In addition, it would be useful when
assessing how important are the recreational and discard estimates to the assessment if
figures like B2a could be provided in numbers and by age. Mortality is based on numbers
that die and not their weight.
